In mammalian eggs, glycogen may well play an important role as an energy source during cleavage. Although the presence of glycogen in rat and rabbit eggs and the fluctuation of its concentration during development have been reported (ISHIDA 1954 (ISHIDA , 1963 , histochemical demonstration of enzymes related to glycogen metabolism has not yet been published. Studies of glycogen metabolism are generally based on the concept that the glycogen-synthesizing enzymes are pyrophosphorylase and uridine diphosphate glucose (UDPG)-glycogen transferase and that phosphorylase is the enzyme which is responsible for glycogen breakdown and further that branching and debranching enzymes are present in the metabolic pathway of glycogen (cf. STETTEN and STETTEN 1960) . Since TAKEUCHI and KURIAKI (1955) have set their steps in the field of histochemical demonstration of phosphorylase in animal tissues, reliable new information concernina enzymes responsible for glycogen metabolism as just stated have been brought about by some investigators (TAKEUCHI 1956 (TAKEUCHI , 1958 TAKEUCHI and KURIAKI 1955; TAKEUCHI, HIGASHI and WATANUKI 1955; TAKEUCHI and GLENNER 1960, 1961 a, b; GOLDBERG, WADE and JONES 1952; GUHA 1961; GUHA and WEGMANN 1959, 1960; WEGMANN and GUHA 1959; VERNE, WEGMANN and GUHA 1959; GRILLO 1960 GRILLO , 1961 ERANKO and PALKAMA 1961; GODLEWSKI 1960 GODLEWSKI , 1962 GODLEWSKI , 1963 .
The present paper deals with the histochemical demonstration of phosphorylase and UDPG-glycogen transferase in hamster eggs during their loss of fertilizability, and of the same enzymes in hamster and rabbit eggs before and after fertilization, and at early stages of development prior to implantation.
Materials and Methods
For the study of loss of fertilizability, adult female hamsters (Mesocricetus auratus) that came into estrus between 7 p. m. and 8 p. m. were given artificial insemination. Since the majority of hamsters ovulate 8 hrs after the onset of heat (HARVEY, YANA-GIMACHI and CHANG 1961) , it was considered that ovulation took place between 3 a. m. and 4 a. m. Artificial insemination was carried out according to the technique of YANAGIMACHI and CHANG (1961) using female hamsters 6-7hrs after ovulation. Nine hours after the insemination the female animals were sacrificed, and the eggs, about half of which were fertilized and the rest unfertilized, were recovered. Aside from those, eggs from unmated animals also were obtained at hours 0, 3, 6, 12, 18 and 24 after ovulation.
For the study of fertilized eggs at different stages before implantation, female hamsters were mated and were later killed at various times after ovulation as follows: 9-13hrs for 1-cell eggs, 28-32hrs for 2-cell eggs, 52-56hrs for 4-cell eggs, 62-66hrs for 8-cell eggs, 74-80hrs for blastocysts. Unfertilized eggs were also obtained from unmated animals between 4-8hrs after ovulation. The recently ovulated eggs were treated with 0.1% hyaluronidase in saline to disperse the cumulus oophorus, and were then transferred into fresh acetate or tris-buffer solution before various treatments. In the rabbit, unfertilized eggs were recovered at various times after an injection of Human Chorionic Gonadotrophin to induce ovulation. Fertilized eggs were recovered from fallopian tubes 16 to 22hrs after mating or artificial insemination, eggs at the morula stage were recovered from tubes 2 days after mating and blastocysts were recovered from uteri 6 days after mating.
For the demonstration of phosphorylase, the method of TAKEUCHI and KURIAKI (1955) with modifications (TAKEUCHI 1956 , GUHA 1961 , GRILLO 1960 , GODLEWSKI 1960 , 1962 was employed as follows: for total phosphorylase, hamster and rabbit eggs were placed in substrate solution which contained 100mg of glucose-1-phosphate, 20mg of muscle adenylic acid, 10ml of acetate buffer (pH 5.7), 15ml of distilled water, 2mg of glycogen, 20mg of ATP, 20mg of MgCl2 2mg of glucagon, and traces of sodium fluoride and EDTA; for active phosphorylase, eggs were incubated in substrate solution containing 100mg of glucose-1-phosphate, 10ml of acetate buffer (pH 5.7), 15ml of distilled water, 2mg of glycogen, and traces of sodium fluoride and EDTA. For the demonstration of UDPG-glycogen transferase, the method of TAKEUCHI and GLENNER (1960, 1961 a) was used; hamster and rabbit eggs were placed in substrate solution which contained 100mg of UDPG, 20mg of glucose-6-phosphate, 10ml of 0.2M tris-buffer (pH 7.4), 15ml of distilled water, 10mg of glycogen, 20mg of EDTA and 1ml of ethanol. For controls eggs were incubated in a mixture devoid of glucose-1-phosphate and UDPG respectively. After incubation in the substrate Lugol's iodine solution diluted 10 times.
The eggs were placed on a slide at the center of 4 vaseline spots. A cover slip was placed carefully on the spots and pressed gently to anchor the eggs between the cover slip and the slide, and then the edges were sealed with nail polish.
Results

Enzymes in fertilized and unfertilized hamster eggs following delayed insemination.
Hamsters were inseminated 6-7hrs after the estimated time of ovulation and killed 9hrs after insemination. The majority of the fertilized eggs were at the pronuclear stage, with the fertilizing sperm tail still visible inside the cytoplasm. Some unfertilized eggs were undergoing spontaneous activation, with extrusion of the second polar body and the formation of one or two pronuclei. Table 1 presents the enzyme activities observed in fertilized and unfertilized hamster eggs of equivalent age.
Phosphorylase. When hamster eggs were stained with iodine after incubation in substrate solutions for total and active phosphorylases, newly formed polysaccharide and UDPG-Glycogen Transferase in Mammalian Eggs 449 colored blue spread diffusely in the cytoplasm of fertilized and unfertilized eggs, but not in the polar bodies ( Fig. 1, 2 ). The phosphorylase activity was determined according to the intensity of the blue color of polysaccharide.
When eggs were incubated in the substrate solution without glucose-1-phosphate, blue color did not develop. The polysaccharide which appeared in the eggs incubated with complete substrate, must have been formed, therefore, by the activity of the enzyme in the eggs. Total phosphorylase activity was stronger than active phosphorylase (Fig. 1, 2) . Little difference was seen, however, between fertilized and unfertilized eggs (Table 1) .
UDPG-glycogen transferase. After incubation in a solution containing UDPG, followed by iodine staining, newly formed polysaccharide showing a red-purple color was diffusely distributed in the cytoplasm of fertilized and unfertilized eggs, but not in the polar bodies (Fig. 3) . The UDPG-glycogen transferase was estimated of the egg is stained blue, but the color is less intense compared with that of total phosphorylase reaction (Fig. 1) . The polar body is not stained.
plasm of the egg is stained red-purple, but the polar body is not.
according to the intensity of the red-purple coloring. No polysaccharide appeared when eggs were incubated in a solution without UDPG. As shown in Table 1 , strong UDPG-glycogen transferase activity was seen in 57.6 percent of the fertilized and in 33.3 percent of the unfertilized eggs, but was only weak in the remainder of both groups of eggs. 2. Observation of enzymes in unfertilized hamster eggs at various times after ovulation. Based on the knowledge that the fertilizable life of hamster eggs lasts from 9 to 12 hours after ovulation , examination of enzyme activities was carried out in unfertilized eggs at 0, 3, 6, 12, 18, and 24hrs after ovulation. At 0, 3 and 6hrs after ovulation the eggs were surrounded by a compact layer of follicular cells. The follicular cells began to disperse 12hrs after ovulation, none being left after 18-24hrs. A majority of the eggs at 0 to 12hrs after ovulation possessed a metaphase spindle and the first polar body; the eggs at 18 to 24 hrs after ovulation had frequently become activated spontaneously and often exhibited a pronucleus and two polar bodies. The appearance of enzymes in these unfertilized eggs was similar to that in unfertilized eggs produced following delayed insemination. Table 2 presents the enzyme activities of unfertilized eggs at various times after ovulation.
As shown in 3. Enzyme activities of fertilized hamster and rabbit eggs in early stages of development. Total phosphorylase. In the hamster, blue colored polysaccharide spread evenly throughout the cytoplasm of all one-celled eggs, both fertilized and unfertilized, and the blastomeres of cleaved eggs (Fig. 4) . Often, however, there was difference in the intensity of phosphorylase among blastomeres, one or two occasionally showing a relatively strong coloration in the zygotes which had reached the 2 to 8 cell stages (Fig. 5) . As shown in Table 3 , phosphorylase was strong in most unfertilized eggs (93.4% of 122 eggs), and also in most fertilized eggs up to the 4-cell stage (94.9% of 59 eggs). This activity then appeared to decrease slightly at the 8-cell stage (83.3% of 60 eggs), until at the blastocyst stage none showed evidence of phosphorylase activity. In rabbit eggs, the appearance of blue polysaccharide formed by the phosphorylase reaction was similar to that in hamster eggs (Fig. 6 ). There was an even distribution of polysaccharide in blastomeres, and frequently there were a few blastomeres stained more intensely than others. Table 3 presents the phosphorylase activity in rabbit eggs at various stages of development. Phosphorylase activity was strong in all the unfertilized eggs, and in most fertilized eggs up to the morula stage, but then disappeared completely at the blastocyst stage. These results were similar to those obtained in hamster eggs.
UDPG-glycogen transferase. In hamster and rabbit eggs, the appearance of redpurple colored polysaccharide newly formed by the UDPG-glycogen transferase reaction was quite similar to that of the phosphorylase reaction (Fig. 7, 8, 9 ). This activity was stronger and more distinct in some blastomeres than others (Fig. 7, 8) . Table 4 presents the UDPG-glycogen transferase in hamster and rabbit eggs at various stages of development. This enzyme was weak in most unfertilized eggs (hamster, 67.0% of the total eggs; rabbit, 71.4%), but was strong in most fertilized eggs at the 1-cell stage (hamster, 86.2%; rabbit 83.3 moo). The number of hamster eggs showing strong activity decreased during development from the 1 to 8-cell stages, no activity being present at the blastocyst stage. In rabbit eggs there was little change from 1-cell to morula, but the UDPG-glycogen transferase had, nevertheless, disappeared completely at the blastocyst stage. (phosphorylase, TAKEUCHI and KURIAKI 1955; TAKEUCHI 1956; UDPG-glycogen transferase, TAKEUCHI and GLENNER 1960, 1961) . But 2hrs incubation was proved necessary for the demonstration of these enzymes in eggs.
Histochemical demonstration of certain enzymes before and after fertilization and during early development has been made and reported by several authors (phosphatases: DALCQ, 1962 a, b, 1965 a, b, MULNARD 1965 dehydrogenases: LIN, HUANG and CHANG 1964, ISHIDA and CHANG 1965) . As far as is known, however, no one has reported on the histochemical demonstration of phosphorylase and UDPG-glycogen transferase in mammalian eggs, which was taken up in this study. In the present study, comparison of fertilized and unfertilized hamster eggs recovered simultaneously from the same females after delayed insemination revealed a slight increase of UDPG-glycogen transferase in fertilized eggs. There was no difference, however, in the level of phosphorylase between fertilized and unfertilized eggs. In order to discover whether or not any relationship might exist between enzyme activities and the loss of fertilizability, the level of individual enzymes was examined in hamster eggs from 0 to 24hrs after ovulation. At 9 to 12hrs after ovulation when fertilizability declines and falls to zero, the level of enzyme showed stained with iodine after incubation in substrate solution for phosphorylase, blue granules of newly formed polysaccharide spread evenly in the cytoplasm but not in the polar bodies, while red-purple granules appeared with similar distribution when treated for UDPG-glycogen transferase.
Often there were differences among blastomeres of cleaved eggs in the intensity of both phosphorylase and UDPG-glycogen transferase.
Loss of fertilizability was not proved to be accompanied by the decrease of enzyme activities.
It was also found that the activities of these enzymes were not significantly different between fertilized and unfertilized eggs at the same age.
In fertilized hamster eggs, phosphorylase activity was constant up to the 8-cell stage, but disappeared completely by blastocyst stage. The activity of UDPGglycogen transferase decreased gradually throughout the stages, and disappeared at the blastocyst stage. A similar picture was seen in rabbit eggs.
